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THREE LINES of DEFENSE APPROACH  

 
1. Prevent the toxigenic fungus from reaching the 

crop  (Conventional Farming Practices  and Study 

of Fungal Ecology,  Biological Control)  

 

2. Understand the fungus (how and why the fungus 

makes the toxin and how to prevent it, fungal 

development and Aflatoxin Biosynthesis, 

Regulation of Secondary Metabolism, Genomics)  

 

3. Prevent the fungus from invading the crop and 

producing aflatoxin (changes in physiology of 

susceptible crops, enhancing Host Plant 

Resistance)  



Breeding for Resistance in Corn  

 

Aspergillus flavus  mycelial growth and sporulation on infected corn kernel  

CIMMYT, 1987 



Aflatoxin Levels in Representative Corn Inbred Lines 

from West Africa (IITA) Inoculated with A. flavus  

 



Development of  Resistant Maize Lines 

IITA Lines  crossed with US Lines 

6 generations  

(agronomic characteristics)  

10 generations  

Release of six resistance lines   

(TZAR 101-106) 



Product Development: Breeding for resistance to aflatoxin 

accumulation  

 



Combined resistance to aflatoxin and fumonisin production 

Screen maize inbred lines with low fumonisin values for resistance to aflatoxin 

relating new genetic variation 

 Fumonisin (ppm) Aflatoxin-SRRC-
USDA-KSA (ppb) 

Aflatoxin-IITA-
KSA (ppb) 

                                                                                                                                                                                                               
Lines 

Average of three 
environments 

 
First run 

Second 
run 

 

TZIFRL01 1.4 345 440 4104 

TZIFRL05 2.4 352 89 2917 

TZIFRL04 2.6 864 29 8021 

TZIFRL02 4.4 149 507 6514 

TZIFRL03 4.5 202 51 5086 

TZIFRL06 60.7   3228 10208 

MI82 (Resistant)   325 404   

P3142 or 9071 (Susc.)   2496 1531 19375 

MEAN 19.2 2235 381 8520 

LSD (0.05) 19.5 952 197 6371 

CV (%) 126 141 164 53 
 

Abebe Menkir, IITA 



Aflatoxin Resistance in Cotton 
Unlike maize, no known resistance mechanism in cotton germplasm 

Options via Biotechnology is highly desired 

Moore, Chlan 



Incorporation of Aflatoxin Resistance 
into Crops  



Control of saprophytic, opportunistic 

 Aspergillus flavus requires unusual, novel 

genes 

Synthetic peptides 

D4E1 AGM182 



D4E1 

 

 

Á Synthetic, linear, amphipathic, lytic peptide 

Á ~60 bp gene; product 17 amino acid peptide 

Á Effective in vitro and in planta against several          

 microbial pathogens including A. flavus 

Á Fairly resistant to protease activity 

Á non-toxic, non-hemolytic 

 



Broad spectrum antimicrobial activity of D4E1 in vitro 

 Phytopathogen 

 
IC50 (mM) MIC (mM) 

Alternaria alternata 12.39 >25.0 

Aspergillus flavus 7.75 25.0 

Aspergillus flavus 70-GFP 11.01 25.0 

Cercospora kikuchii 8.67 >25.0 

Colletotrichum destructivum 13.02 >25.0 

Claviceps purpurea 1.60 20.0 

Fusarium graminearum 2.10 25.0 

Fusarium moniliforme 0.88 12.5 

Fusarium oxysporum 2.05 12.5 

Penicillium italicum 5.92 >25.0 

Phytophthora cinnamomi nd 4.67 

Phytophthora parasitica nd 4.67 

Pseudomonas syringae pv. tabaci 0.52 2.25 

Pythium ultimum nd 13.33 

Rhizoctonia solani nd 26.7 

Thielaviopsis basicola 0.52 6.0 

Verticillium dahliae 0.60 5.25 

Xanthomonas campestris pv. 

     malvacearum 

0.19 1.25 

 nd = not determined 



AGM and D4E1 on Aspergillus flavus 

 



Effects of D4E1 on germinating A. flavus conidia 

 



D4E1 Transgenic cotton 


